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© Lubricious silicone surface modification. 

© Lubricious silicone surface modifying treatments and/or coatings for modifying the frictional or slip surface 
characteristics of shaped elastomeric articles are provided in surface modifications including a coating or surface 
modifying composition comprising: 

a crosslinkable silane having the formula: 



< 



in 



( Rl ) n 



Si " (R 2 ) m 



wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic, aromatic and alkyl 
aromatic groups having less than or equal to about ten carbon atoms, R ! is independently selected from 
hydrogen, hydroxy!, halogen, alkoxy and acyloxy groups, R 2 is independently selected from hydrogen, alkyl and 
*° halogen-substituted alkyl groups, n is an integer of 1 to 3 inclusive, and m = 3 - n. The cured, highly 
O crosslinked, three dimensional silicone coatings are effective at reducing the coefficient of friction of surfaces of 
shaped elastomeric articles, such as those frequently used in medical devices, by a factors of from about 50% 



■ ■I to about 80% as compared with the same uncoated substrates. 
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BACKGROUND OF THE INVENTION 

The present invention generally relates to surface treatments and coatings intended to make the 
surfaces of objects more lubricious. More particularly, it relates to a new and improved highly crosslinked 
5 silane treatment effective to reduce the coefficient of friction of a surface by at least about 50% and as 
much as 80% or more compared to the coefficient of friction of the same untreated surface. 

Natural and synthetic elastomers and polymers, especially silicone rubbers, are used for many medical 
applications because they are rather inert materials exhibiting good biocompatibility. Silicone rubbers and 
other natural and synthetic rubber materials suffer from poor surface lubricity, rendering their use in many 
w medical and surgical applications undesirably problematic. 

For example, pacemaker lead insulators made from silicone rubber do not easily slide past one another 
within the venous system, dramatically limiting their use in dual pacing applications. Hemostasis valves 
generally require the addition of silicone oils to enable catheters to slide through the valve opening. Many 
other medical devices such as penile implants suffer from poor lubricity when silicone tubes are inflated 
75 within silicone restraints. Poor contact surface lubricity causes sticking and/or hampered or unpredictable 
sliding performance, which may occur at inopportune times, such as during insertion of catheters. Poor slip 
characteristics between the catheter and the slide site may result in abrasion or erosion of the coating and 
stripped coating particles may contaminate the slide site. The surfaces of latex gloves are another example 
of a rubbery surface which must be powdered to facilitate or modify the surface friction properties to make 
20 it easier to slide the gloves on for use. The powder on the gloves gets everywhere and especially on 
surgical instruments which is undesirable. 

Many prior chemistries and methods have been developed to render silicones and other rubbers more 
slippery, such as, for example, by the application of hydrophilic coatings, ion beam etching, and lubrication 
with silicone oils, to name but a few. Each of these prior methods suffers from unique problems. 
25 More particularly, the coating of the silicone or other rubber surfaces with hydrophilic coatings, such as 

hydrogel coatings, poses a number of problems. First of all, the chemical bonding between the silicone or 
rubber surface and the hydrogel is frequently undesirably low, so that the hydrogel coating may be 
abraded, dislodged or removed from the surface of the rubber in its swollen state. The moisture content of 
the hydrogel must be carefully controlled because insufficient hydration results in stickiness. Even when 
30 fully hydrated, hydrogel-type coatings feel soapy when wet, which is often too slippery. A balance of 
properties is often very difficult to achieve with hydrogels because the resulting surfaces are either too 
slippery or they are sticky. 

Hydrogel coatings, especially in the dry state, may also be ruptured and made to flake off in use. In 
many end use applications, catheters made of silicone rubber or other elastomeric materials are pulled, 
35 stretched, twisted, and bent which, because of differences in the elongation and flexural properties between 
the hydrogel coatings and the coated catheter, may cause the hydrogel coating to buckle, flake and fall off. 
Hydrogels also may not survive steam sterilization, which may cause excessive swelling and delamination 
to occur. 

Although considerable effort has been expended in developing improved hydrophilic and hydrogel 
40 coatings, to date the above-mentioned disadvantages have yet to be satisfactorily solved. 

Ion beam etching techniques are used to decrease the coefficient of friction of synthetic rubber 
surfaces. Etching methods suffer from an inherent inability or difficulty to be satisfactorily employed with 
surfaces having complicated geometries and surface configurations. Moreover, etched surfaces are rela- 
tively considerably more expensive to produce. 
45 Silicone oil lubricants are also used to improve the lubricity of surfaces. Oil lubricants generally do not 
bond to the surface being treated. Generally, significant amounts of these oily surface lubricants must be 
used before the surface characteristics become truly slippery. The use of this type of slip modification 
agent on the surface of some medical devices may be impractical because leaching of silicone fluids into a 
body system, for example, may possibly occur, which depending on the context, may or may not be 
so desirable. 

In order to overcome the shortcomings of the prior art methods and coatings, it is an object of the 
present invention to provide a new and improved lubricious silicone surface treatment and/or coating for 
reducing the coefficient of friction of a surface of an elastomeric article. 

It is another object of the present invention to provide a lubricious silicone coating for elastomeric 
55 articles which, exhibits excellent lubricity and abrasion-resistance in use, even after gamma irradiation or 
steam sterilization. 

It is a further object of the present invention to provide a new and improved lubricious coating capable 
of effectively reducing the coefficient of friction of a surface to less than 50% of its original, pre-treatment 
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value. 

It is still another object of the present invention to provide a highly cross-linked silane surface treatment 
capable of forming a lubricious texturized surface including a plurality of raised, hemi-spheroidal, micro- 
nodules, each having a lubricious cross-linked silane coating thereon. 

It is still a further object of the present invention to provide a new and improved coating and coating 
method capable of satisfactorily providing long-lasting lubricity to complicated three dimensional surface 
configurations. 

It is a another object of the present invention to provide shaped elastomeric silicone articles having an 
improved crosslink density. 

It is still a further object of the present invention to provide and surface modification treatment and 
method for increasing the hardness of a silicone article and to improve its compression set and rebound 
resiliency properties. 

SUMMARY QF THE INVENTIO N 

In accordance with these and other objects, the present invention provides a new and improved curable 
lubricious surface modification for reducing the coefficient of friction of a surface of an elastomeric article, 
said surface modification including a surface modification composition comprising: 

a crosslinkable silane having the formula: 

(R X )n 

R - Si (R 2 ) m 

wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic. aromatic and 
alkyl aromatic groups having less than or equal to about ten carbon atoms, Ft 1 is independently selected 
from hydrogen, hydroxy, halogen, alkoxy and acyloxy groups, R 2 is independently selected from hydrogen, 
alkyl and halogen-substituted alkyi groups, n is an integer of 1 to 3 inclusive, and m = 3 - n. Optionally, the 
new and improved silane coating composition of this invention may include an organic solvent, preferably a 
non-polar organic solvent and optionally, may also include an organo-metallic or other crossltnking catalyst. 

In accordance with the present invention, the new and improved silane surface modification and/or 
coating composition may be applied onto a surface to be treated by any suitable application means, 
including applying in the form of a solution or dispersion, for example, by spraying, dipping, brushing, 
rolling and the like or, without the need for solvents, by a vapor phase deposition method. The cross- 
linkable silane coating compositions may be cured upon standing at temperatures at or above room 
temperatures, for a time period sufficient to cure them, for example, a period of at least about 5 minutes or 
more. The new and improved coatings of this invention are cured or crosslinked preferably in the presence 
of moisture, including either atmospheric moisture or in artificially-controlled high humidity environments. 

In accordance with an alternate aspect of the present invention, new and improved shaped elastomeric 
articles are provided in the form of two- or three-dimensionally shaped articles including a surface portion 
having a substantially reduced coefficient of friction. In accordance with this invention, the improved articles 
comprise: a shaped elastomeric article including a body portion and having at least one surface portion; and 
a firmly- adherent, crosslinked surface modification or coating applied to the surface portion, said coating 
including a cross-linkable silane having the formula: 

R " si (R 2 ) m 

wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic, aromatic and 
alkyl aromatic groups having less than or equal to about ten carbon atoms, R 1 is independently selected 
from hydrogen, hydroxy, halogen, alkoxy and acyloxy groups, H 2 is independently selected from hydrogen, 
alkyl and halogen-substituted alkyl groups, n is an integer of 1 to 3 inclusive, and m - 3 - n. 

The shaped elastomeric articles which may employed and treated in accordance with this invention to 
modify their surface friction characteristics may include naturally-occurring, as well as, synthetic elastomeric 
materials. Illustrative examples include: latex rubbers, soft polyurethanes, butyl rubber, butyl nitrile rubber, 
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poly.soprenes. sil.cone rubbers, as well as various rubbery polymers and copolymers materials. Each of 
hese elastomeric surfaces and others generally may benefit from the treatment of this invention to reduce 
their surface tackiness, increase slipperiness and reduce their undesirably high coefficients of friction 

The shaped and surface treated or modified or coated articles may be put to various uses including 
5 generally any application in which a slippery or non-sticky surface characteristic is required Medical 
appl.cat.ons are especially contemplated herein for various medical devices, such as pacer lead insulators 
pen.le .mplant devices, breast implant devices, catheters, hemostasis valves, Foley balloon catheters' 
syringes and plungers, o-rings, gloves, condoms, shunts, stents and grafts. Other generally non-medical 
articles frequently made from natural or synthetic rubber, such as diving masks, boat hulls and the like may 
io also be used as the substrate to be coated or surface-modified. 

Still another aspect of the present invention is to provide a method for reducing the coefficient of friction 
ot a surface of an elastomeric article, said method comprising: 

providing an elastomeric article having at least one surface portion to be treated- 

,< h . con t act 4 in 9 s f id surf ace portion with a curable coating composition including' a cross-linkable silane 
is having the formula: 



( Rl )n 

20 \^ J m 

wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic, aromatic and 
alkyl aromatic groups having less than or equal to about ten carbon atoms, R' is independently selected 
from hydrogen, hydroxy, halogen, alkoxy and acyloxy groups, R* is independently selected from hydrogen 
25 alkyl and halogen-substituted alkyl groups, n is an integer of 1 to 3 inclusive, and m = 3 - n- and ' 
exposing the contacted surface portion to temperatures at or above room temperature in the presence 
of atmosphenc moisture until formation of a firmly-adherent, cross-linked, lubricious, coefficient of friction- 
reducing coating on said surface portion is substantially complete. 

Other objects and advantages of the present invention will become apparent from the following Detailed 
30 Description of the Invention and illustrative working Examples. 

DETAILED DESCRIPTION OF THE INVENTION 



35 



In accordance with this invention, a lubricious silicone surface is provided on the surface of an article to 
improve the relative slipperiness of the surface and the non-tacky touch and feel and slidable performance 
of the article. The lubricious surface is provided in a coating which includes a surface modifying 
composition comprising: a cross-linkable silane having the formula: 



45 



so 



55 



R - - si - (R 2 )m 

wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic, aromatic and 
alkyl aromatic groups having less than or equal to about ten carbon atoms. R' is independently selected 
from hydrogen, hydroxy, halogen, alkoxy and acyloxy groups, R 2 is independently selected from hydrogen 
alkyl and halogen-substituted alkyl groups, n is an integer of 1 to 3 inclusive, and m = 3 - n. Optionally the 
new and improved silane coating composition of this invention may include an organic solvent preferably a 
non-polar organic solvent and optionally, may also include an organo-metallic or other crosslinking catalyst 

It has been discovered that the silanes defined in the formula given above provide a densely cross- 
linked silicone coating or surface modification which is highly cross-linked and chemically bonded to the 
surface of the article being treated and which also forms a highly cross-linked three dimensional silicone 
matrix on the surface of the article, as well as a crosslinked interpenetrating network within the substrate. 
Cross-linking is presently believed to occur through the highly functionalized siloxane moieties or sub- 
stituents on the silane which react in the presence of moisture to form silanol intermediates which in turn 
react directly with either: (a) OH moieties or OH-reactive groups present on the surface of the article or (b) 
which react directly with OH groups on neighboring silanes to build up the highly cross-linked firmly- 
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adherent three dimensional coating of this invention. In addition, it may be that higher processing and cure 
temperatures may break bonds within the substrate to expose or produce additional OH groups to further 
aid bonding. It has also been discovered that size of the R group constituents), i.e., the silane substituent- 
(s), should be limited to groups containing about 10 carbon atoms or less to achieve good cross-linked 

5 density and good friction reducing properties. Employing silanes containing R groups which are too large, 
i.e., greater than 10 carbon atoms, has been observed to result in coatings which do not achieve or impart 
the desired degree of lubricity. Without wishing to be bound by any particular theory, it is believed that 
using silane moieties containing greater than 10 carbon atoms is less effective because the long chain 
silane R groups block portions of the surface to be coated during development of the coating matrix. This 

io leaves surface areas on the surface of the article untreated so that the overall final surface obtained is less 
lubricious than that observed when using silanes containing the smaller R groups defined by the formula. 
The longer chain R groups may themselves be non-lubricious and accordingly they are less effective in 
reducing the relative stickiness of the elastomer surface. 

In accordance with this invention, the preferred silanes will inctude those wherein the silane moiety or R 

75 group is selected from aliphatic, cycloaliphatic, aromatic and aikyi aromatic groups having less than or 
equal to 10 carbon atoms. The R groups may be unsubstituted or may be substituted with halogen groups 
such as chloro, bromo or fluoro groups or may be mixtures of any of the foregoing. Preferred silane 
moieties for use as the R group of the above formula are lower Ci - Cs alkyl groups such as methyl, ethyl, 
propyl, and butyl and the like, as well as, halo-substituted alkyl, such as 1 ( 1 ,1-trifluoropropyl, or an aromatic 

20 group, such as benzyl or tolyl groups. 

In accordance with the formula, the preferred silanes for use in this invention will preferably include a 
maximum number of R 1 groups for maximum cross-link density and functionality. The R 1 groups may be 
any good silane leaving group which may be independently selected from hydrogen, halogen, hydroxy!, 
alkoxy. and acyloxy groups. Preferred groups for use as the R 1 substituent include methoxy, ethoxy. 

25 acetoxy, and the like, as well as mixtures thereof, or hydroxy or chloro groups. Especially preferred silanes 
are those in which n = 3. In accordance with the above formula, when lower cross-linked functionality may 
be tolerated, the R 2 groups may be present which may be independently selected from hydrogen, alkyl and 
halogen substituted alkyl groups. 

Specially preferred silanes within the scope of the above formula include methyltriacetoxysilane, 

30 ethyltriacetoxysilane, propyltriacetoxysilane, methyltrichlorosilane, ethyltrichlorosilane, and 1,1,1- 
trifludropropylmethyidimethoxysilane. The silanes in accordance with the formula are generally available 
commercially from several sources including Huls America, Inc., Piscataway, New Jersey. Methods for 
making the silane monomers or coating precursors defined by the formula are generally well known to 
those skilled in this art. 

35 Although trifunctional silanes are preferred, mixtures of any of the silanes defined by the formula might 
also be used, and mixtures of silanes of varying functionality might also be employed. In accordance with 
this invention, once the desired device and substrate surface are selected or treated or modified, if and as 
necessary, a three dimensional, highly cross-linked matrix containing silanes is formed on the surface. The 
silane is cured, cross-linked or polymerized in place on the surface to be rendered lubricious. This process 

40 is carried out in a manner such that a three dimensional matrix is formed. This matrix may be either a 
silane homopolymer or a copolymer derived from units defined in the above formula and reactive functional 
groups present on the substrate. 

The silane homopolymer or copolymer forms a three dimensional matrix, which is a polymeric matrix 
different from that obtained or provided by a typical silane priming agent or coupling agent. Typical silane 

45 priming agents or coupling agents are applied in low concentration and with substantial quantities of a 
solvent, to provide what may be characterized as a silane monolayer, that is formed from solution. The 
three dimensional matrix according to the present invention is one in which the silane component is applied 
either without a solvent or with a diluent solvent. 

In accordance with this invention, it is believed that the new and improved silane coating compositions 

so cross-link chemically to the surface of the articles to be coated by reacting with OH groups present on the 
surface. The articles may comprise generally any polymeric, copolymeric, natural or synthetic elastomeric 
material including surface groups reactive with the silanes to form the three dimensional cross-linked 
coating matrix. Illustrative examples may include articles comprising polyamides, polyesters, polyurethanes, 
polysiloxanes, polyolefin polymers, rubbery copolymers, butyl rubbers, butyl nitrile rubbers, polyisoprenes. 

55 and the like. Although elastomeric substrates are primarily contemplated for use herein, these surface 
modifications and/or coatings might also improve the surfaces of metal or other materials if desired. 

In accordance with this invention, the best results are achieved if the substrate surface is one in which 
the matrix formed in accordance with this invention is reactive in order to thereby provide especially 
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50 



55 



advantageous adhesion and slip performance properties. Accordingly, preferred substrate materials are 
those which contain active hydrogen moieties. Exemp.ary substrate m'aLials in this TgaTL™T£etZ 
denved sihcones. silanol-terminated silicones, polyurethanes. nylons, and the Hke, each ol which contafn 
ac.ive hydrogen groups which are avai.ab.e to react directly with the silanes of the above fo^utTo devebp 
s the coating matrix according to this invention. 'wmuia to develop 

*JV!^7 enX T '\'' S deSired 10 aPP ' y the ' UbriCi0US COatin 9 t0 surfaces ^al are generally more inert 

Tuch nert suX- " r d matena,S - adheSl ° n ^ be ^ facilila,ed ^ chemica.' treaJng 

such inert surfaces ,n order to provide hydroxy! groups on or near the surface thereof Exemplary cheS 

surface treatments ,n this regard include such known procedures as chemical etching suSSant adsoX 

to coextrusion, actinic radiation, such as plasma discharge, surface oxidation or reduction anTsTiaTarlmno 

or tne substrate surface can also be accomplished in order to provide active hydrooens Examoles nf 
oT'oor 31 ' 0 " 5 ° f T tVPe inC ' Ude b ' endin9 With PO,ymerS havi "9 acteTdrog Startia 
, t^ZLZL^Z^r m0d,fiC3ti0n ' m ° n0mer <™«°n^o, oxidation 3 redaction. 

When a solvent diluent is used, the silane component will comprise at least about 2 percent by weiaht 
or more of the v.scosity-adjusted composition. The so.vents which may be employed may gene rat 

ZTZ^^itT? in which , the silanes °' the formu,a are so,ub!e or at ,easi 

0 iZrT t , "'"strafve examples include hydrocarbon solvents and halo-hydrocarbon solvents 

mav bf \ , T ^ n ° n " P0,ar and n ° n - ar0m 3tic ° r 9 anic solvents - '"^trative solven s which 

may be used .nc ude: pentane. cyclohexane. heptane, xylene, short chain halchydrocarbons and si.Tcone 

words the I P y f d ' m t f r ISil0><ane 0ils ' for — P<- Dow Corning Medical Fluid 200 and the like in othe' 
Hn L fn rm P ° S '°, n t ' ' S US6d t0 f ° rm ^ thl - ee - dim ^3iona. matrix according to the present invention 
m the form of a solut.on. generally includes between about 2 weight percent and 100 weight percen of 

An^ZTo 0 ^ f ° rm 7 9 h0m °^ mer - -polymer of the three dinlstofa mat" 

After the coating compos.t.on .ncluding the precursor components are applied onto the surface of the 

To mictn wrthrth 0 ?" 9 'V^ *** haVin ° * tWCkneSS ° f between ^ Ml S 2>£ 
™JX£T* . T 1 5 be ' ng substantiall V areater than that of silane priming agents or coupling 

, T>Z T ? T m S0,Uti ° n t0 f ° rm monola ^ s ' flayers or trilayers. each having a thTckness 

fub^^^^T "'V^ aPP ' iCati0n by SUitab ' e means ^ f °™° a -at "9 on he 
S£ If 1? S 8 conta,nin 9 coati "9 is cured as a thick film, preferably in a humid oven 

preferably before any rinsing, in order to minimize the chance that unreacted silane monomer wouW be 

^IZ'T^ Wlth t0 CUrin9 Cr ° SSlinkin9 t0 ,eave 0n, V a v«y thick pleMayer 

nth J J^t' component may be dip coated onto the substrate to be rendered, although any 

other apphcation means can be employed which allows for the easy application of a thick layer of the silane 

IZZTr T thUS aPPlied ' bei " 9 rendered - Objected to drying ^ conditions under 

controHeo time, temperature and humidity conditions. Generally speaking, drying of the componem so as to 

r ho l T ■ d,m r Si0na ' ,Ubrid ° US SMiCOne COatinQ maWx can be ca "-d °ut fo^ P 7^eV^ v- 
four hours at room temperature, with it being possible to achieve the desired result in about ten minutes at 
a dry.ng temperature of about 110'C. Variations in the time and temperature protocols employed to Iffec 
aZftTn. - A ,VPiCal15 : Pr6ferred timS and tem P erat -e combination is to carry out the drying fo 

for t alloc iTJL??7T ey ,n°'°- eeneral,y> the it6m 10 be C ° ated is immersed a coating solution 
n an nZ w T rl ° m ' nUteS 3nd * then rem0ved ,rom the solution and immediately placed .. 

?Jh Z ^ V? e temperature and time ° f cure are dependent upon the type or types of silane 
Tn * t h T P ' eth y |tr ; acetox y si,ane a temperature in excess of 60 - C and cure tfme of at leas' 

So r Rh^t S .f t,SfaCt0n, y- A P referred «™ a " d temperature for curing this silane is 60 minutes a 

hours Ethy,triCh, ° r0Sllane ma y be cured * ™>m temperature over a time period of about one to two 

D .aced n Tn h ?t r s Tann 0d 1° C ° at dSViCeS iS by V3POr deP ° Siti0n Where the silane is heated and the device is 
for coat nn l^Z h ^ ™ V be USed duri " 9 the deposition P rocess - Sli » an other method 

oTa ° a nt a 9 n!r h ' ^ COatm9 Wh8re the Silane " or Silane and so,vent and ^ catalyst is sprayed out 
of a container, such as an a,r brush device, and is coated onto the surface of the substrate device 

□ror^ IT 601 l ° f ,he i U T idity COnditions in ef,ect duri "9 the curing or three-dimensional matrix formation 

^e Zsnl ir I T- h f UmiC "' ty ^ COntr °" ed " ° rder t0 ,hereb * enhance ,he f ormation of the 
th ee-d mens onal matrix. It ,s preferred to control the humidity conditions such that a higher relative 

^27- 1 ,S Pr0 : ided at * e stages of the curing or drying operation, with a decrease in 

the relative hum.d.ty near the end of the curing procedure. For example, at the beginning of the curing 
procedure, a 50 percent to 70 percent relative humidity environment will enab.e hydrolysfs of the silane 
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component in the earlier stages of the curing procedure, while the humidity can be decreased to a relative 
humidity of 20 percent or below in order to thereby facilitate evaporation of any residual water or moisture 
toward the end of the curing step in order to thereby complete the formation of a three-dimensional matrix. 
After this silanation reaction during which the silane homopolymer or copolymer is formed has been 

5 completed, the formed three-dimensional silane matrix is able to be rinsed repeatedly in water or organic 
solvents without substantially modifying the three-dimensional matrix which is provided. Rinsing of the 
matrix is preferably carried out repeatedly after curing is complete in order to remove any as yet unreacted 
or unbound silane or polymer residue within the matrix. 

It has been observed that curing of coatings of this invention on pre-humidified substrates and/or in high 

10 relative humidity controlled environments may cause the coated surfaces to take on the appearance of very 
small droplets which also penetrate and bond into the surface. These bumpy, lumpy, hemi-spheroidal, 
micro-nodular coating matrix formations are desirable because they are believed to result in the greatest 
reduction in the surface coefficients of friction for the coated articles. The lumpy nodularized surfaces may 
improve the lubricity by preventing surface to surface contact by a spacer action of the lumps. Curing 

is reactions performed in less humid environments and/or without pre-hurnidification or moisturization of the 
substrate to be modified or coated still provide very useful lubricious coatings which effectively reduce 
surface friction characteristics and tackiness. It has been simply observed that the texturized or micro- 
ncdularized silicone coatings provide a greater reduction in the surface coefficient of friction and for this 
reason coatings and coated articles having this kind of surface modification are especially preferred. 

20 In accordance with this invention, the coating compositions may optionally include a minor effective 

amount of a cross-linking catalyst which is effective to promote more complete or more rapid curing of the 
coatings at a given desired cure temperature range. Generally, known siloxane catalysts familiar to those 
skilled in this art may be used including organo-metallic catalysts based on lead, tin, zinc and titanium 
compounds, as well as. quaternary compound catalysts. The catalysts may be used in amounts ranging 

25 from 0. 0001% to about 1.0% by weight, based upon the total weight of silane component(s). Especially 
preferred catalysts include dialkylmetal mono-or polycarboxylates, such as stannous octoate, dibutyltin 
dilaurate and dibutyltin diacetate. 

Optionally, lubricants may be added to the coatings of this invention if desired. In this connection it has 
been observed that if lubricants such as silicone lubricants like silicone oils are applied to the coated 

30 surfaces of this invention, good slip performance and lubrication are achieved using significantly smaller 
quantities of the silicone oil lubricant than are required to be used to achieve the same surface slipperiness 
on articles not coated with the coatings of this invention. The ability to achieve the same lubrication levels 
using less added silicone oil means that less oil can be used and that there is a decreased possibility for 
excess lubricating oil lubricant to leach away from the substrate surface in use. 

35 Other advantages provided by the present invention will become apparent from the following illustrative 
Examples. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
40 EXAMPLE 1 

A curable lubricious silicone coating " composition in accordance with this invention was prepared, 
coated on a medical device substrate, cured and tested for relative stickiness, tackiness and surface 
coefficient of friction properties. The coating composition was prepared by mixing the following ingredients 
45 in a 9 x 9 inch stainless steel pan until dissolution was complete: 



Component 


Weight, in grams 


Methyltriacetoxysilane 


1.0 


Ethyltrtacetoxysiiane 


1.0 


Dibutyltin diacetate 


0.03 


Heptane 


40.00. 



A surface modified elastomeric shaped article was prepared in accordance with invention as follows: 
A silicone hemostasis valve was immersed in the solution prepared above for ten minutes and then 
removed and placed in an oven at 110'C for ten minutes. The coated valve was removed from the oven 
and permitted to cool, it was rinsed several times with deionised (Dl) water and it was noted that a firmly 
adherent, cross-linked coating was present on the valve surface and penetrated within the bulk of the 

7 
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10 



15 



20 



25 



30 



device. 

The coefficient of friction of the surface of the coated hemostasis valve and an untreated hemostasia 

Inc Trrl? "TT* * " °" * Spedmen para,,el to the su ^ce at a cons^ ra te 

Z ZT T^T We V° ° VerCOme the SUrf3Ce friCti °" usin 9 a modified "«ron. test TeTe 
arm T e coeffl <f "t °f '"ebon of the hemostasis valve coated with the lubricious silicone prepared in 
accordance with Example 1 had a surface coefficient of friction which was five timesfess thanlhat 
measured for the untreated control, i.e., surface friction was reduced by 80%. 

Example 2 

A number of test specimens were prepared and tested for relative lubricity by taking 1/4 inch diameter 

stTZXE? f U \H SiX "' nCh ,engthS ' S ° me ° f ,hS t6St SpeCimens ™* -rface'modifL by soaking f a 
Jj ° f et Wtr.acetoxysilane in heptane for a period of 10 minutes. Thereafter the soaked 

speamens were cured by heating in a drying oven set a 150'C for a period of one hou The -urface 
moamea test specimens wen, men rinsed with D! water three times and permitted t~ * *~ 
.„ rfa i e , m ? d,f,ed K tSSt specimens were compared to other untreated test specimens for differences in 
rnernnH ll > accordance with a modified test procedure. In accordance wi^the test 

^dewi ^H r 9 , SPeCimenS WSre C ' amped " 3 fixed jaw of an lnstron "«*.ne so that opposing 
s dewalls of the tubmg were in contact with each other. An adjacent free end portion of the tuSnq 2 
clamped ,n a movable jaw located adjacent the fixed jaw at the start of the test The movab e^aw was 
moved latera.ly to pull the tubing .engthwise through the fixed jaw at a constant r^T^^s ZTe 

ZZT \ l P tUbfn9 thrOU9h the f ' Xed i3WS was noted - accordance with this expe^menTal 
procedure, h.gher force values indicate lower surface .ubricity. The load range was set at about 10 Zn£ 

treaJd * M ** * 5 inCh6S Pe( Six "treated tubing specimens were com P a red I wTS 

treated specimens prepared above in accordance with this invention. The results obtained were as fo Mows 



Test Specimen 


Slip Force, in Lbs. 


Untreated 


4.5, 7.4, 4.7, 

5.4, 3.8, and 7.4 (mean = 5.53) 


Treated 


0.9, 1.2, 1.5, 

1.5, 1.1, and 1.3 (mean = 1.25) 



35 „• , The above * est . demo "strated that the surface modification treatment of this invention reduced surface 
spedLns 3 ,St ' CS "* ^ by ^ than 75% over ^d contS 
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Example 3 

w«lml^ri,.T , 2 ? 5 T° T y,triaCe,OXy Silane in 1.1.1-trichloroethane. A silicone rubber catheter 
was immersed in this solut.cn for 5 -minutes then placed in an oven at 150" C for one hour. The resultinq 
catheter surface was rendered lubricious and easily passed through a polyethylene introducer. 

Example 4 

Pv r> I !iH y I triaCe f ! OXySi 5 ne (5 ° m " WaS P ° Ured int ° 3 400 ml beaker and heated on a hot plate until a vapor 
evolved from the surface of the beaker (about 100-Q. The thin ba.loon section of a silicone rubber FoSy 

ZTr Jr Tk 8 n ' n 6 ! V0 ' Vin9 fUm6S f ° r ^ minutes then placed in an oven at 150- C to cure for one 
hour. The cured ba.loon catheter was no longer sticky and readily passed through a hemostasis valve. 

Example 5 

soraCed 0 !^!? % pro P? , * i f l ° r ° silane in cyclohexane was placed in the reservoir of an air brush and 

treated nT f [ ^ 7,16 ,reated 9 '° ve was dried ° vemi 9 ht at temperature. The 

seated glove was not st.cky as compared to an untreated control glove which required powder to render it 
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Example 6 

A small amount of ethyltrichlorosilane was poured into an Erlenmeyer flask and a butyl nitrile syringe 
plunger fixtured above the liquid. A vacuum was pulled int the flask for 2 minutes and then released and the 
5 sample removed and cured in an oven at 110 'C for 10 minutes. The plunger was more lubricious than 
untreated controls and did not require a silicone lubricant in the assembled syringe. 

Example 7 

A urethral valve catheter equipped with a silicone balloon portion was pre-humidified and vapor-phase 
treated with methyltriacetoxysilane as set forth in the method of Example 4. After curing for one hour at 
150°C, the catheter was cooled. The balloon portion was expanded and examined for surface tackiness by 
touch. The surface treated portion had a micro-nodularized surface treated portion that felt smooth and 
slippery to the touch. When the balloon portion was cut open, micro nodules of silane surface treatment 
were observed on the interior surface of the balloon which was not directly contacted with the silane vapors. 
From this observation, it was concluded that the silane treatment of this invention penetrated the bulk of the 
balloon catheter substrate and was not only a surface coating. 

Example 8 

The ability of the surface modification treatment of this invention to increase the cross-link density of 
silicone substrates, as measured by an increase in Durometer hardness was determined. In accordance 
with this test, a sample of silicone tubing was surface treated in accordance with the method of Example 3. 
The treated tubes were evaluated against untreated control specimens in a standard test for Durometer 
hardness. The treated specimens showed an increased value of 70A hardness as compared with the 60A 
values measured on the untreated specimens. 

Hemostasis valves were also evaluated to determine if the surface modification treatment of this 
invention was effective to increase their durometer hardness over untreated hemostasis valve controls. The 
test results showed an increase in hardness of from Shore 40A to 47A for the treated hemostasis valves 
over the untreated controls. 

From these experiments and from physical manipulation of various treated substrates, it has been 
concluded that silicone rubber substrates treated with the silane surface modifications of this invention 
exhibited better hardness, better compression set, better rebound resilience and better hysteresis properties 
over untreated substrates. 

Although the present invention has been described with as reference to certain preferred embodiments, 
modifications or changes may be made by those skilled in the art. For example, instead of a one time 
surface treatment, desired substrates may repeatedly be contacted with the silane treatment and cured to 
provide a laid up surface treatment. All such obvious changes may be made by those skilled in this art, 
without departing from the scope and spirit of the present invention and defined in the appended claims. 

Claims 

1. A curable lubricious surface modification for reducing the coefficient of friction of a surface of an 
elastomeric article, said surface modification including a surface modifying composition comprising: 
45 a crosslinkable silane having the formula: 

( Rl )n 

R " Si (R 2 ) m 

50 

wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic, aromatic and 
alkyl aromatic groups having less than or equal to about ten carbon atoms, R 1 is independently 
selected from hydrogen, hydroxy, halogen, alkoxy and acyloxy groups, R 2 is independently selected 
55 from hydrogen, alkyl and halogen-substituted alkyl groups, n is an integer of 1 to 3 inclusive, and m = 

3 - n; and said crosslinked silane surface modification is a firmly adherent matrix crosslinked with the 
surface of the elastomeric article to penetrate into and bond with the surface of the elastomeric article. 
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2. A curable !ubricious surface modification as defined in Claim 1, wherein said surface modifying 
composition is a coating composition, and said matrix forms a plurality of micro-nodules. 

3. A curable lubricious coating as defined in Claim 1 or 2, wherein in the formula R is C, - C 8 alkyl, Ft 1 is 
acetoxy or chloro and n = 3. 

4. A curable lubricious coating as defined in Claim 1 or 2, wherein in the formula R is polyhalogen- 
substituted alkyl having from about 1 to about 8 carbon atoms inclusive, FT is methoxy, R^ is methyl n 
= 2 and m = 1 . 

5. A curable lubricious coating as defined in Claim 1 or 2, wherein the silane is methyltriacetoxysilane 
ethyltriacetoxysilane, propyltriacetoxysilane, ethyltrichlorosilane, or 1,1 ,1-trifluoropropylmethyldimethox- 
ysilane. 

6. A curable lubricious coating as defined in any of Claims 1-5, further including an organic solvent, 
preferably a non-polar organic solvent. 

7. A curable lubricious coating as defined in any of Claims 1-6, further including a minor effective amount 
of a crosslinking catalyst for promoting crosslinking and curing reactions between the silanes and 
between the silanes and a surface being coated, said catalyst preferably being selected from organo- 
metallic catalysts based on lead, tin, zinc and titanium compounds. 

8. A curable lubricous coating as defined in Claim 7, wherein said catalyst is selected from stannous 
octpate and dibutyltin dilaurate. 

9. A curable lubricious coating as defined in any of Claims 1-8, further including a lubricating layer, 
preferably a silicone lubricant or silicone oil. 

10. A shaped elastomeric article including at least one surface portion characterized by having a substan- 
30 tially reduced coefficient of friction, said article comprising: 

a shaped elastomeric article including a body having at least one surface portion; and 
a firmly-adherent surface modification disposed on said surface portion, said surface modification 
being as defined in any of Claims 1-9. 

35 11. A shaped article as defined in Claim 10, wherein the surface modification portion has a coefficient of 
friction of less than about 50% of the value for the coefficient of friction of an uncoated, untreated 
surface of said body. 

12. A shaped article as defined in Claim 10 or 11, wherein said shaped elastomeric article comprises a 
40 natural or a synthetic elastomeric material which is preferably a molded, extruded or dip-coated 

thermoplastic material. 

13. A shaped article as defined in any of Claims 10-12, wherein said thermoplastic material is selected 
from polyolefins, vinyl-addition polymers, polyamides, polyesters, polyurethanes, polysiloxanes and 

45 other synthetic rubbery polymeric materials. 

14. A shaped article as defined in any of Claims 10-13, wherein said shaped article is a medical device 
selected from tubing, catheters, gloves, condoms, prostheses, implants, valves, insulated leads, scopes, 
syringes, o-rings, stents, shunts, grafts, and infusion equipment. 



25 



50 



15. A shaped article as defined in any of Claims 10-13, wherein said shaped article is a rubbery shaped 
article adapted to make contact with the human body. 

16. A shaped article as defined in any of Claims 10-13, wherein said shaped article is adapted for use in 
55 marine or aquatic environments. 

17. A method for reducing the coefficient of friction of a surface of an elastomeric article, said method 
comprising: 
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providing an elastomeric article having at least one surface portion to be treated; 
contacting said surface portion with a curable surface modifying composition including a crosslin- 
kable silane having the formula: 



R 



Si 



(R 2 ), 



io wherein R is selected from unsubstituted and halogen-substituted aliphatic, cycloaliphatic, aromatic and 

alkyl aromatic groups having less than or equal to about ten carbon atoms, R 1 is independently 
selected from hydrogen, hydroxy, halogen, alkoxy and acyloxy groups, R 2 is independently selected 
from hydrogen, alky! and halogen-substituted alkyl groups, n is an integer of 1 to 3 inclusive, and m = 
3 - n; and 

75 exposing the contacted surface portion to temperatures at or above room temperature in the 

presence of moisture until formation of a firmly-adherent, lubricious, coefficient of friction-reducing 
surface modification on said surface portion is substantially complete. 

18. A method as defined in Claim 17, further comprising the step of pre-humidifying the surface to be 
20 treated before said contacting step. 

19. A method as defined in Claim 17 or 18, wherein said contacting step is performed by vapor phase 
deposition. 

25 20. A method as defined in any of Claims 17-19, wherein said contacting step is performed by applying a 
solution of said silane onto said surface portion, preferably by immersing the surface portion into said 
silane solution. 

21. A method as defined in any of Claims 17-20, wherein in said exposing step, the contacted surface 
30 portion is exposed to elevated temperatures of greater than or equal to 50 * C for a period of greater 

than or equal to about 5 minutes. 

22. A method as defined in any of Claims 17-21, further comprising, after said exposing step, applying a 
lubricant to said coated surface portion. 

35 

23. A method as defined in any of Claims 17-22, wherein said method increases the crosslink density, 
relative hardness and rebound resiliency of the elastomeric article. 
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